The Direct Physical Harm of the Substance to the Individual User
The physical harm caused by a drug needs to be considered in terms of its acute toxicity, as well as its likelihood to produce long-term health problems.
Acute Toxicity.
Acute toxicity is the adverse effect produced by a drug following either a single exposure or multiple exposures under 24 hours apart. It is assessed by measuring the ratio of lethal dose to therapeutic dose. Research conducted on 20 human and nonhuman lethal doses of abused substances, which are distributed widely in Europe and North America, identified intravenous heroin to have the greatest direct physiological toxicity. Hallucinogens in general appeared to have the least [1] . The clinical sequelae of exposure to toxic levels of a drug can be present in a specific set of symptoms referred to as toxidrome. Cocaine, for example, at low doses produces euphoria, reduced fatigue, and a perception of increased mental acuity. Higher doses may result in several undesirable side effects including irritability, paranoia, panic, repetitive stereotyped behaviour, diaphoresis, mydriasis, tachyarrhythmias, stroke, and seizure [2, 3] . A thorough exploration of common and important toxidromes is beyond the scope of this paper but detailed information for UK healthcare professionals can be found on the clinical toxicology database [4].
Long-Term Health Problems.
As well as acute physical harm, many drugs when used repeatedly over time have chronic physical consequences. The long-term health problem can either be directly related to the effect of the drug or due to the method of drug administration. Several drugs including marijuana are ingested by smoking and put abusers at increased risk of chronic cough, bronchitis, and lung and upper airway cancers. The longterm adverse effects of cigarette smoking are such that they reduce life expectancy by an average of ten years [6] . Drugs taken intravenously can lead to complications related to this route of delivery. These include thrombosed veins, bacterial endocarditis, abscesses, pneumonia, and liver disease [7] . In addition to the effects of the drug itself, street heroin may have additives that do not fully dissolve and result in further damage to blood vessels. Intravenous drug use and sharing of hypodermic needles open a gateway for potentially lethal blood-borne infections such as HIV and hepatitis. Statistics have shown that 21% of intravenous drug users are hepatitis B positive while 50% are hepatitis C positive [7] . In 2005, 28% of intravenous drug users reported directly sharing needles and syringes, which accounted for 5.6% of HIV diagnoses reported in the UK [8] . Heroin use carries a particularly significant mortality risk. Users are at twelve times greater risk of mortality than the general population and intravenous users, further 22 times greater risk, relative to noninjecting peers [9] . Chronic intranasal usage is also associated with specific problems such as degradation of the nasal septum [10] . A common but untrue belief is that the smoking of cocaine chemically breaks down tooth enamel and causes tooth decay. However, cocaine does often cause involuntary tooth grinding, known as bruxism, which can deteriorate tooth enamel and lead to gingivitis [11] .
Long-term health problems also result from the psychoneurobiological impact of chronic use. Chronic marijuana abuse has been shown to result in depression, anxiety, and, in some individuals with a predisposing vulnerability, schizophreniform disorder [13] . Hallucinogens can result in flashbacks and hallucinogen persisting perception disorder. Methylenedioxymethamphetamine (MDMA) and cocaine can both result in impulsiveness, irritability, sleep disturbance, anxiety, and addiction [14] . Many drugs of abuse also increase susceptibility and risk of suffering other conditions. Cocaine, for example, increases the risk of developing rare diseases such as systemic lupus erythematosus (SLE), vasculitis, Goodpasture's disease, Stevens-Johnson syndrome, and an array of kidney diseases [15] [16] [17] . It also doubles both the risks of hemorrhagic and ischemic strokes as well as increases the risk of myocardial infarction [18, 19] .
The Tendency of the Drug to
Induce Dependence
Drug Tolerance.
To understand the nature of drug dependence it is first important to understand the concept of drug tolerance. Tolerance is commonly encountered with substance abuse and is described as a decrease in susceptibility to the effects of a given amount of drug as a result of previous exposure [4] . This means that increasingly larger doses are required to induce the desired effect. Whilst tolerance itself is not a particular problem to the health of the individual, it can have serious repercussions [21] . Firstly, there is usually little harm caused by most psychoactive drugs when taken in smaller quantities with sufficient time in between; however, once tolerance develops, larger and more frequent doses are administered that may be toxic and lead to direct harm from the substance itself. Secondly, tolerance to the different effects of a drug does not develop uniformly. This can be illustrated using alcohol; for example, tolerance often arises to the recreational effects of alcohol, but little tolerance develops to the lethal effects [22] . This results in a lowering of the therapeutic index. Finally, the mechanism that underlies tolerance contributes to the person's compulsion to take a drug resulting in socially unacceptable behaviour such as theft and fraud. This forms the basis of addiction [23] .
Drug Dependence and Theories of Addiction.
Dependence can be a physical or emotional adaptive state which results from the body's homeostatic response to repeated drug administration. Upon cessation of the drug, the homeostasis is lost and the dependence is unmasked, for example, cold turkey with heroin dependence [4] . The cessation of the drug and resulting chemical imbalance triggers negative emotions and behavioural disorder to be indicative of the disturbance. This is referred to as "reward deficiency syndrome. " Drug addiction may initially cause and then further proceed to exacerbate "reward deficiency syndrome" [24] . Another theory is the "drug for reward theory, " which states that addiction is the malfunctioning collision of both motivational systems (like versus want), stimulating pursuit of a substance that most probably no longer provides pleasure and in fact may be pathogenic [25] .
Neurological Pathways in Addiction.
Reinforcers such as food and sex increase extracellular dopamine in the nucleus accumbens (NAcc) via the mesocorticolimbic pathway. This results in the sensation of reward. All known addictive drugs activate this pathway but at levels up to ten times greater than food [5] . As a result of the elevated levels of dopamine, compensatory changes take place that result in tolerance and dependence. This is due to long-term neuroadaptations in the dopaminergic system. There is an increase in transcription factors (DeltaFosB, CREB) as well as differential expression of proteins involved in synaptic plasticity [26] . There are also alterations to neurotransmission, and at a cellular level the morphology is altered by increased dendritic branching and spine density in the NAcc and prefrontal cortex (PFC) [26] . Another difference seen consistently in drug addicts is the decrease in dopamine D2 receptor binding in the NAcc (see Figure 1 [5] ). This is because of the reducing number of dopamine receptors present if dopamine levels are repeatedly elevated. It is hypothesized that this dulling of the responsiveness of the brain's reward pathways contributes to the inability to feel pleasure, known as anhedonia, often observed in drug dependence [26, 27] . Addiction comes about through an associative learning process characterized by compulsive drug taking, craving, and relapse [11, 21] . The pathway thought to be involved in addiction is the mesocorticolimbic pathway which consists of dopamine neurons projecting from ventral tegmental area (VTA) to the NAcc and prefrontal cortex (see Figure 2 ). As we have mentioned, this pathway plays a critical role in reward and reinforcement. Behaviours that activate this pathway tend to be repeated even if the experience was not considered pleasurable [28] . Most rewarding effects can be attenuated by blockade of dopamine in this region [29] .
Physical Dependence to
Opiates. Heroin acts at endogenous opioid receptors in the VTA and NuAcc. Reward and reinforcement come about through disinhibition of the dopamine neurons in the VTA. These neurons are usually fire tonically but are inhibited by GABA interneurons. When heroin activates the opioid receptor on the GABA neurons, it inhibits them from firing thus removing the inhibition of the dopamine neurons. The result is an increase of dopamine release in the NAcc which is responsible for rewarding and reinforcing behaviour at that time (see Figure 3) [21] .
Opioid receptors are found not only in the mesocorticolimbic system, but also in other systems such as the spinal cord and locus coeruleus (LC). The LC contains noradrenergic nuclei that are implicated in attention and arousal as well as the "fight or flight" autonomic response. Tolerance and dependence arise through chronic activation of opiate receptors, which leads to homeostatic compensatory changes. Acutely, heroin inhibits firing of LC neurons. With chronic use, the LC neurons return to their normal firing rates. This results in increasing doses of heroin being required to achieve the desired effect [21, 30] . Relapse is a very common problem during rehabilitation from opiate use [31, 32] . Associative cues develop by longterm potentiation during the drug use. Reexposure to the drug triggers these cues, making abstinence increasingly difficult and relapse likely [21] . Upon cessation of heroin, the user may suffer withdrawal symptoms which are essentially opposite to the acute effects and are considered an overshoot rebound to the initial drug-induced state (see Table 1 ) [12] .
Whilst not life threatening, the symptoms are extremely unpleasant, often being flu-like in nature. The severity of withdrawal depends primarily on the intensity of the initial drug effects as well as the dose administered and frequency of use. The general health and personality of the patient are also thought to play a part [21] .
Amphetamine and Cocaine.
Amphetamine is an indirect agonist of the catecholaminergic system. It causes release of catecholamines from the presynaptic endings as well as blocking the reuptake. It also inhibits monoamine oxidase activity and hence metabolism of catecholamines [26] . These stimulants act at the dopamine transporter (DAT) which is the main mechanism related to the reinforcing effects [21] . As with most drugs, tolerance is a problem as well as the reverse phenomenon known as sensitisation. This can occur spontaneously to some users on repeated intoxication with doses that previously only caused euphoria. If this happens, users may suffer acute behavioural changes that are virtually indistinguishable from paranoid schizophrenia [11] . After chronic use of cocaine, user's dopamine receptors become downregulated as they adapt to the constantly elevated levels of dopamine. Upon cessation, users suffer an increasingly bothersome withdrawal syndrome [33] . Positron emission tomography (PET) studies in chronic cocaine users have shown that there is reduced glucose metabolism in some brain areas when compared with nonusers (see Figure 4 [5]). It is hypothesised that the hypoactivity in these areas may underly some of the behaviors associated with cocaine addiction such as loss of motivation, impulsive drug taking, and the inability to abstain when exposed to drugs because of loss of inhibition [5, 34] . Another study which also used PET imaging showed evidence of drug cue-induced DA release in the amygdala and hippocampus. The preferential induction of DA release among cocaine users further suggested that these aspects of the limbic reward network might contribute to drug-seeking behavior [35] .
A recent study investigating changes in drug use severity and physical health-related quality of life among untreated stimulant users concluded that the severity of cocaine use is linked directly to physical health-related quality of life; strong evidence of the drugs long-term health implications [36] .
The Effect of Drug Use on Families, Communities, and Society
So far we have discussed the harm of addiction for the individual. However the implications of drug use extend far beyond the user, often damaging their relationships with their family, community, health workers, volunteers, and wider society [10] .
Family and Children.
One of the biggest impacts abuse has is upon the children or dependants of the abuser. The Hidden Harm report by the Advisory Council on the Misuse of Drugs estimated that there were between 250,000 and 350,000 children of problem drug misusers in the UK [37] . As with any drug, harmful effects on pregnancy cause much concern and cocaine is no exception with 90% of female users being of childbearing age [38] . The National Survey on Drug Use and Health (NSDUH) data collected during 2002 and 2003 indicates over 4% of pregnant women reporting using illicit drugs in the past month [39] . Prenatal cocaine use has immediate, short-term and long-term health implications. Immediate complications include increase of the risk of miscarriage and preterm labour (before 37 weeks of pregnancy). As a result, cocaine-exposed babies are more likely than unexposed babies to be born prematurely and with low birth weight. Premature and low-birth weight babies are at increased risk of health problems during the neonatal period, lasting disabilities such as learning difficulties, cerebral palsy, or even death [40, 41] . A recent study on school-aged children has demonstrated that prenatal cocaine exposure is reliably associated with impairments in attention and behavioural problems [42] . Children of individuals who use drugs are often abused or neglected as a direct result [43] . Studies have shown that the users need to find and fund their drug habit often taking precedence over the care of their children, leading to neglect [44] . These children may also lack proper immunizations, medical care, dental care, and necessities such as food and water [26] . The emotional and subsequent behavioural conditioning of the direct family members of drug abusers can be very significant. Parental inconsistency can result in a lack of structure and boundary setting for the child, which can result in inappropriate behavioural adjustment. Low parental expectation can result in adoption of the parents' paradigms and conforming to the parents' values and behaviour. The overriding negativism and increased neglect reported in households of abusers can result in the children being conditioned to create a crisis in order to gain attention. If emotionally deprived at home, resentment can lead miscarried expression of anger in other forms, which can impact both the home and the community. Ultimately such emotions can lead to self-medication with drugs and the potential to follow down the path of substance abuse [45] .
Communities and Society.
The cost to the community and society of drug abuse is colossal. Drug abuse has a significant impact on healthcare services, public services, and criminal justice system. Drugs that lead to intense intoxication such as alcohol, amphetamines, cocaine, and heroin are associated with huge costs in terms of damage to the user or the general public and property and loss of economic output. A large part of the health care budget is spent on treating drug users [46] . Alcohol alone is estimated to be involved in over half of all A&E department admissions [1] . Data published by the home office reports the estimated economic and social cost of Class A drugs alone to be around £15.4 billion per year [47] . Decreased social functioning related to drug abuse renders many dependant on state support with the home office estimating 80% of problem drug users claiming benefits at a cost of over £40 million a year [44] . Severe dependence and altered behaviour secondary to abuse are responsible for the most significant implications to communities and to society. Users requiring increasing amounts of drug to achieve the same high and to feed their on-going addiction often turn to crime to support their habit. Drug abusers are estimated to commit 36 million drug-motivated crimes each year which financially accounts for 90% of the total cost to society.
Conclusion
Drug abuse has many damaging consequences not only for the individual, but also for the society as a whole. Underneath the pleura of social problems is a phenomenally complex mechanism involving tolerance, dependence, and addiction. Multiple brain areas are implicated in many functions such as reward, motivation, learning, inhibitory control, and executive function. Addictive drugs hijack the reward pathway that is intended for natural reinforcers and in doing so cause harm both acutely and chronically to individuals and society.
